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For the full text of this licence, please go to: http://creativecommons.org/licenses/by-nc-nd/2.5/ Design/Methodology/Approach -As with many Small Island Developing States (SIDS) Barbados is heavily reliant upon fossil fuels to meet their electricity generation needs (currently 98% of total electricity generation). The paper outlines how solar PV sits within the existing energy structure for the island of Barbados and reflects on the experience gained from the success of its solar thermal hot water heating industry.
Findings -This paper estimates the installed capacity of photovoltaic solar systems on Barbados was estimated to be around 200 kWp in 2010 (0.18% of the average electricity demand, not including the load factor of the PV systems).
Practical implications -With an average daily solar radiation of 5.7 kWh/m 2 , the potential of the resource is clear to see, with solar PV being capable of substantially contributing to the island's energy mix and saving valuable foreign exchange.
Introduction
Small island states can be very diverse geographically, as well as culturally; however, most of them share similar environmental and economic vulnerabilities and challenges for sustainable development (Barbados National Energy Policy DRAFT, 2007) . Most small islands are dependent on imported energy sources, mainly in the form of fossil fuels, see Figure 1 . These imports cover energy needs for transportation and electricity production, and their dependency on these imports to maintain levels of economic energy intensity make them more vulnerable than most mainland countries to events beyond their control, such as global energy price rises. Their small size and isolated locations contribute to high energy and transportation costs, diseconomies of scale, and unfavourable power plant management options; these being the main reasons for the expensive energy prices when compared with mainland countries. This makes the application of sustainable energy technologies not an option but a must for small islands, especially as global energy prices continue to rise (UN Economic and Social, 2006) . To date, many SIDS do not have a high penetration of renewable energy, even though high imported energy prices create a good market opportunity. Moreover, most of the small islands have good climatic conditions for renewable energy technology development (especially sun and wind and in some cases geothermal and marine resources). There are still only a few islands around the world with a significant utilisation of renewable energy. As Patrizio Civili, the Assistant Secretary-General for Policy Coordination and Inter-Agency Affairs, stated, 'the dependence of Small Island Developing States on imported fuels for transportation and power generation remains a significant challenge to development' (UN Economic and Social, 2006) . Collectively, small island states spend more than US$90 million per day on more than 900,000 barrels of oil. If this single sum of money were invested in renewable energy generation, 72 MW of wind capacity or 11 MW of solar capacity could be installed (Garcia and Meisen, 2008) . 
Barbados Solar Thermal Success
Barbados, the most easterly of the islands in the Caribbean, is approximately 430km 2 in area (23km by 34km), see Figure 2 . It has a population of around 280,000 people (excluding the 1.1 million tourists who visit the island each year) and is ranked 37th in the UNDP's Human Development Index (HDI). It is therefore classed as having a 'very high human development' (UNDP Human Development Report, 2010). The fact that SIDS includes islands from all four rankings of the HDI makes direct comparison of renewable energy progress difficult.
of 8
The average daily insolation in Barbados is 5.7 kWh/m 2 (Moseley and Headley, 1998) . For comparison, in Germany and Japan, countries with some of the highest installed PV capacity, the sunniest places in these two countries have an average daily insolation of 3.35 kWh/m 2 and 4.43 kWh/m 2 respectively. This prime resource in Barbados has yet to be fully utilised by solar photovoltaic technologies but the success of simpler and cheaper solar thermal systems has been well documented (Headley, 1998) (Langniß and Ince, 2004 ) (Science & Technology). Barbados's solar hot water system manufacturers were established in the 1970s and it is estimated that around US$10 million is now saved each year (the alternative being electric immersion heaters or gas powered water heaters) (Langniß and Ince, 2004) . Although the initial stimulus for the technology was a large part due to the 1970s oil crisis, the industry benefited from government support in the form of fiscal incentives that allowed consumers tax relief and manufacturers to benefit from import preferences and tax holidays. Also key was the healthy competition between a number of manufacturers/installers (Solar Dynamics, Sun Power and later on, AquaSol). Currently two out of every five homes on the island use solar hot water heating (45,000 systems), as well as many businesses and most hotels. 
Solar PV and Barbados
Barbados's primary energy sources are petroleum products (see Figure 3 ). It does have local oil and gas reserves (around 1000 barrels per day) but no refining capabilities, and relies heavily upon imported petroleum products (around 8000 barrels per day) (US DoE, 2010). Electricity generation (~50%) and transport (33%) are by far the two largest consumers of the fuel imported onto the island. The manufacturing sector is a distant third at ~ 5%.
Of the electricity generated (~885 million kilowatt hours in 2005), domestic consumption was the major user at 34%. The commercial sector was the second largest consumer with 23%. The public sector and the hotel sector both consumed 15% of the electricity generated in 2004 (see Figure 4) . In 2009, the total electricity generated was 952.2 million kWh with a peak demand of 165.7 MW. The price of the fuel imported for electricity generation was around US$220 million (BL&P, 2010 Barbados has a target for renewable energy to account for 30% of island's primary energy by 2012. Though the electricity generation is close to 100% fuel-based, 15% of island's primary energy supply is currently from solar hot water systems and bagasse (Barbados National Energy Policy DRAFT, 2007).
PV systems have been used in the Caribbean for many years, especially for telecommunications to power microwave repeater stations and navigational aids in remote areas (Wellington and Moore, 2001) . It is estimated that there is currently around 200 kWp of PV installed on Barbados with roughly 55% installed in the commercial sector, 31% in the public sector and 14% in the residential sector (see Figure 5 ). This data was collected by contacting PV installers and government officials on the island.
In 2001 BL&P installed two grid-connected PV systems, one at their Seawell operations plant and the other at the Barbados Future Centre. Both systems have been operating consistently since their installation with the 2 kWp system at Seawell providing an annual energy yield of around 4.2 MWh, a load factor of 23% (for comparison, typical load factors for solar PV elsewhere in the world are normally quoted between 8-15%).
Following the peak oil prices in the mid 2000s and the subsequent increase in electricity bills on the island, some residents who could afford to do so installed their own stand-alone PV systems on their properties. It is estimated that around 26 kWp of PV has been installed on residential roofs (~20 homes), either with battery storage or for swimming pool water pumping.
Notable commercial installations include a 60kWp system at Harrison's Caves (which will eventually power the lighting and electric passenger vehicles for a vast network of limestone caves), and a 50kWp system that is currently nearly completion at the Barbados National Oil Company's main site offices.
Additionally, the Government of Barbados has installed around 50 kWp of PV on its buildings and continues to install with a system currently under construction on the Ministry of Transport and Works building in St Michael.
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Until recently, except for the two PV systems installed by BL&P, all PV systems on the island have been stand alone. It was not permitted to connect to the grid and sell excess electricity by this means. This however changed in July 2010 under a pilot project instigated by the Barbados Fair Trading Commission and being undertaken by BL&P for a period of two years (FTC, 2010) . Known as the Renewable Energy Rider (RER), it is available on a first-come firstserved basis up to a maximum of 200 eligible electricity customers or a combined installed capacity of 1.6 MW, whichever occurs first. The rider is aimed specifically at PV and small-scale wind. Seen as a precursor to a national feed-in tariff, customers will receive 1.8 times the fuel adjustment clause (at current rates this would be 20.91 US¢/kWh) or 15.56 US¢/kWh, whichever is greater. This is seen as a reasonable price for a country as small as Barbados although to put this into context, France, Greece, Germany, UK, all have feed-in tariffs for PV of more than 50 US¢/kWh. Also, in the first instance the tariff will only be in effect for the two year duration of the RER, given that the island has committed to a 10% of electricity generation coming from renewables by 2012 (~12 MW), some feel that the limit of 1.6 MW is too cautious (considering that the actual energy input will be a fraction of this amount taking into account a typical load factor of around 0.2 for the island).
Barbados has a history of electrical manufacturing industries and in 2001 the case was put forward to make the island the PV module supplier the Caribbean region, and select South American countries. A business plan sent to the Caribbean Business Enterprise Trust (CBET) outlines establishing and operating a 1-3 MW/year crystalline silicon photovoltaic module assembly plant in Barbados (Headley, 2001) . However this did not progress beyond the feasibility study and it is now felt that competition from PV module manufacturers elsewhere in the world (China, Europe and the US) make the idea redundant.
Besides the Renewable Energy Rider, other financial incentives do exist. All goods entering Barbados are subject to four kinds of import tax: Import Duty (0-20%); Environmental Levy (1%); Excise Tax (only for vehicles, tobacco products, alcoholic Beverages and petroleum products); Value Added Tax (15%). In 2006, the import duty and environmental levy for PV systems (originally 20%) was waived. This covers the main components such as the panels and inverters. However value added tax is still enforced.
Homeowners are also able to claim back the income tax on the money invested on their systems. A US$2500 Income Tax Reduction is applicable for five consecutive years, amounting to US$12,500 in tax deductions. This can be combined with the US$5,000 Income Tax Home Improvement Scheme. Similar reductions are available to businesses corporation tax payments. The standard rate of corporation tax is currently 25%.
Barriers
The most significant barriers to the development of renewable energy technologies on small islands are financial, institutional, and political. Financial barriers involve the fact that the purchase of renewable energy technologies is often associated with high initial investment costs. Most islands with a large renewable energy capacity are not sovereign and being politically connected to the mainland, get substantial economic support in all sectors. Typically, small island developing states do not have similar support and often have to rely on international bilateral and multilateral agreements to help provide investment (Jensen, 1998.) . Political will needs to be the main driver for the policy implementation and development, as well as the main source for providing fiscal and economic support for sustainable development.
The main barriers for PV development are similar to those mentioned above; financial and economic barriers, lack of technological awareness, higher operational costs of new technologies, policy-related barriers and a lack of training and research (FTC, 2010 ). An example of lack of technological awareness was found when investigating the potential of solar PV for hotels on Barbados (Rogers et al, 2010) . A number of hotel owners admitted to not realising that solar PV is used to convert solar energy directly into electrical energy. This misconception could be due to the success of solar hot water panels on the island but it does highlight a low level of information distribution on renewable energy options.
Conclusions
It is crucial for small island developing states to improve access to renewable energy sources as this will enable them to increase energy security, reduce energy poverty, develop sustainably as well as help in the worldwide effort to mitigate the impact of climate change.
In order to further promote PV development on the island, the government should develop policies that define the sectors to which solar PV can be widely applied (for example, the hotel sector), develop financial incentives for potential PV users and those with lower income, encourage adequate training of local people to promote technical awareness, and provide financial support for R&D (ECLAC, 2009) .
Although Barbados is making progress with respect to renewable energy development as well as energy efficiency and energy conservation, the island as with other SIDS, must move aggressively to take advantage of sustainable energy sources as they become more accessible and affordable.
